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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a radar capable 
of finding the orientation of a target accurately even if 
the target, e.g. a preceding traveling vehicle, is located 
at the end of the scanning range of radar beam. 
SOLUTION: An FM modulated radar signal is radiated 
from a transmitting/ receiving antenna 27 while scanning 
the beam direction with a predetermined beam and a 
reflected signal from a target is mixed with a part of 
transmitting signal at a mixing section 25 to produce a 
beat signal 25a. An effective reflective cross-sectional 
area operating section 33 finds an effective reflective 
cross- sectional area, based on the receiving level under 
a state where the beam center impinges on the target, 
the antenna gain at the center of beam, and the 
detected distance to the target. When the target exists 
slightly on the outside of scanning range of the radar 
beam, an orientation operating section 32 the antenna 
gain from the receiving signal level if the effective 
reflective cross-sectional area of the target is known 

and finds the orientation of the target, based on the antenna gain thus determined and a 
previously registered angle-gain characteristics of radar beam. 
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(57) [Abstract] 

[Technical problem] Even when the target of the car in front etc. is 
located in the edge of the scanning zone of a radar beam, the radar 
installation which can ask for bearing of a target correctly is offered. 
[Means for Solution] The radar signal by which FM modulation was carried 
out is emitted scanning the beam direction with a predetermined beam 
from the transceiver antenna 27, a part of reflective signal from a 
target and sending signal are mixed in the mixed section 25, and beat 
signal 25a is obtained. The effective reflective cross-sectional-area 
operation part 33 asks for the effective reflective cross-sectional area 
based on the receiving level in the condition that the core of a beam is 
irradiated by the target, the antenna gain value based on beams, and the 
distance to the detected target. When a target exists outside for a 
while rather than the scanning zone of a radar beam, the bearing 
operation part 32 will ask for bearing of a target from the antenna gain 
which searched for antenna gain and was searched for from the received 
signal level, and the include-angle-gain property of a radar beam 
registered beforehand, if the effective reflective cross-sectional area 
of the target is known. 
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CLAIMS 



[Claim (s)] 

[Claim 1] The radar installation characterized by providing the 
following The transceiver section which receives the radar signal which 



transmitted the radar signal and was reflected by the target The 
distance detecting element which detects the relative distance to a 
target based on an input signal Effective reflective cross-section 
operation part which asks for the effective reflective cross section of 
a target based on a relative distance and a received signal level 
Bearing operation part which asks for bearing of a target based on the 
include-angle-gain property of the radar beam concerned, the relative 
distance to a target, and received signal level which were registered 
beforehand when the target asked for the effective reflective cross- 
sectional area is located in the edge of a radar beam 
[Claim 2] The transceiver section is a radar installation according to 
claim 1 characterized by receiving using the transceiver antenna of 
another side arranged so that a beam may be transmitted using a 
transceiver antenna so that while it has been arranged may overlap 
mutually as for a part of beams in case two or more preparations and a 
target are detected for a transceiver antenna, and a part of beams may 
overlap mutually. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a radar installation, 
especially relates to the radar installation which is wide range and 
enabled it to detect bearing of a target. 
[0002] 

[Description of the Prior Art] By receiving the electric wave emitted 
from one of two or more of the antennas which these people are JP, 6- 
242230, A, and have been arranged so that the beam of the almost same 



radiation pattern may be partially emitted with superposition with other 
antennas By realizing the same function, the time-sharing mold radar 
system which enabled it to realize the large detection include-angle 
range is proposed as a high detection precision with the limited antenna 
number with having added one imagination antenna at a time between each 
adjoining antenna. When the reflected wave from a target is received by 
two or more adjoining antennas, weighting of the level for every all 
directions grade can be carried out, and bearing of the target which 
produced the reflected wave can be detected with a sufficient precision 
by carrying out equalization processing. 

[0003] Moreover, these people set a beam transceiver means to receive 
the signal which was JP, 8-136647, A, emitted the beam and was reflected 
by the target, to the FM-CW method multi-beam radar equipment arranged 
so that a part of beams may overlap mutually. In case a target is 
detected, a part of beam transmitted the beam using the beam transceiver 
means so that while it has been arranged might overlap mutually, and the 
radar installation which receives using the beam transceiver means of 
another side arranged so that a part of beams may overlap mutually is 
proposed. 

[0004] These people are JP, 7-318635, A. Moreover, a multi-beam 
transceiver means, The receiving level preservation means which detects 
the reinforcement of the reflected wave from the target received by each 
transceiver channel, and the distance to this target, and carries out 
sequential preservation, A multi-beam pattern storage means to create 
beforehand the matrix of the multi-beam pattern which arranged the 
directive square of each transmitting beam in procession corresponding 
to each transceiver channel, or its inverse matrix, and to save it, The 
thing of the almost same distance is arranged in the line corresponding 
to each transceiver channel, or a train among the receiving level by 
which storage preservation is carried out. By having a reverse operation 
means to calculate the correction value of the receiving level of each 
transceiver channel by performing data processing based on the matrix of 
a multi-beam pattern, or its inverse matrix The multi-beam radar 
equipment which enabled it to detect the source of reflection of a large 
number distributed in two-dimensional space by deconvolution processing 
with high resolving power is proposed. 

[0005] Furthermore, these people are JP, 5-288838, A, and they have 
proposed the relative-velocity presumption approach of having obtained 
the relative velocity between two or more objects, by performing label 
attachment to those object data while they calculate object data for 
every reflective signal which received in the fixed sampling time. 



[0006] 

[Problem(s) to be Solved by the Invention] Conventionally, the 
longitudinal direction location (detection include angle) of the 
obstruction detected in the multi-beam radar etc. was called for by the 
amplitude include-angle conversion technique or the center-of-gravity 
count method (refer to JP, 6-242230, A) . Theoretically, since these 
approaches were the technique of calculating a longitudinal direction 
location from the amplitude of the beam surrounding an obstruction, when 
the obstruction (target) was located outside the core of a beam at the 
very end, they had the fault that count of a longitudinal direction 
location could not be performed. 

[0007] It was made in order that this invention might solve such a 
^technical problem, and also when a target is located in the edge of a 
beam, it aims at offering the radar installation which can ask for the 
location (bearing) of a target correctly. 
[0008] 

[Means for Solving the Problem] The transceiver section which receives 
the radar signal which the radar installation concerning this invention 
transmitted the radar signal, and was reflected by the target, The 
effective reflective cross-section operation part which asks for the 
effective reflective cross section of a target based on the distance 
detecting element which detects the relative distance to a target based 
on an input signal, and a relative distance and a received signal level, 
When the target asked for the effective reflective cross-sectional area 
is located in the edge of a radar beam, it comes to have the bearing 
operation part which asks for bearing of a target based on the include- 
angle-gain property of the radar beam concerned, the relative distance 
to a target, and received signal level which were registered beforehand. 
[0009] Effective reflective cross-sectional-area operation part asks for 
the effective reflective cross-sectional area of a target based on the 
distance to a target and the level of an input signal which were 
detected. Bearing operation part asks for bearing of a target based on 
the gain property of the radar beam pattern registered beforehand, the 
distance to the detected target, and a received signal level, when the 
target asked for the effective reflective cross-sectional area is 
located in the edge of a radar beam. 

[0010] If the effective reflective cross-sectional area of the target is 
known when a target exists outside for a while rather than the scanning 
zone of a radar beam, antenna gain can be searched for from a received 
signal level. And bearing of a target can be pinpointed from the antenna 
gain searched for and the gain property of the radar beam pattern 



registered beforehand. 

[0011] In the radar installation concerning this invention, in case the 
transceiver section detects two or more preparations and a target for a 
transceiver antenna, it may transmit a beam using a transceiver antenna 
so that while it has been arranged may overlap mutually as for a part of 
beams, and it may use it in bistatic antenna mode which is indicated by 
JP, 8-136647, A as a configuration which receives using the transceiver 
antenna of another side arranged so that a part of beams may overlap 
mutually. By changing the antenna which transmits a beam, and the 
antenna which receives a beam, a noise can be made small, a received 
signal level can be made more exact, and bearing of a target can be 
detected more correctly. 
[0012] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of 
this invention is explained based on an accompanying drawing. Drawing 1 
is the block block diagram of the radar beam scan type FM-CW radar 
installation concerning this invention. This radar beam scan type FM-CW 
radar installation 1 is equipped with the transceiver section 2 and the 
signal-processing section 3. 

[0013] The transceiver section 2 is equipped with a sweep / scan control 
section 21, the FM signal generator 22, a power distribution unit 23, a 
circulator 24, the mixed section 25, the antenna-coupler-control section 
26, the transceiver antenna 27, the antenna mechanical component 28, and 
the include-angle signal generator 29. 

[0014] A sweep / scan control section 21 generates transmit-frequencies 
assignment voltage signal (modulating signal) 21a from which a voltage 
waveform turns into a triangular wave form the predetermined sweep 
period T, as shown in drawing 2 (a). Transmit-frequencies assignment 
voltage signal 21a is supplied to the FM signal generator 22. 
[0015] The FM signal generator 22 is equipped with the voltage 
controlled oscillator which generates the RF signal of a submillimeter 
wave band or a millimeter wave band. For example, the voltage controlled 
oscillator which generates a 30-150GHz RF signal may be had and 
constituted. Based on transmit-frequencies assignment voltage signal 
(modulating signal) 21a, the FM signal generator 22 generates FM signal 
22a from which a frequency changes the predetermined sweep period T, as 
shown in drawing 2 (b). FM signal 22a is supplied to a power 
distribution unit 23. 

[0016] A power distribution unit 23 distributes FM signal 22a to 
sending-signal 23a and local oscillation signal 23b. Sending-signal 23a 
is supplied to a circulator 24. Local oscillation signal 23b is supplied 



to the mixed section 25. 

[0017] A circulator 24 supplies sending-signal 23a to the transceiver 
antenna 27 through the antenna-coupler-control section 26. Thereby, the 
radar signal (radar waves, radar beam) by which FM modulation was 
carried out is transmitted from the transceiver antenna 27. The input 
signal of the reflected wave which was reflected by the target and has 
returned to the transceiver antenna 27 is supplied to a circulator 24 
through the antenna-coupler-control section 26. A circulator 24 
separates an input signal and supplies separated input-signal 24a to the 
mixed section 25. 

[0018] The mixed section 25 mixes input-signal 24a and local oscillation 
signal 23b, and outputs the signal of the frequency of the difference of 
the frequency of input-signal 24a, and the frequency of local 
oscillation signal 23b as beat signal 25a. Beat signal 25a is supplied 
to the signal-processing section 3. 

[0019] The antenna-coupler-control section 26 is constituted using a 
rotary joint or a flexible waveguide. 

[0020] What has predetermined beam width (what transmits the radar beam 
which has predetermined beam width) is used for the transceiver antenna 
27. An example of the antenna gain (directivity) of the transceiver 
antenna 27 is shown in drawing 3 . It is an example of the include- 
angle-gain property about a radar beam. 

[0021] The antenna mechanical component 28 makes the transceiver antenna 
27 rock by predetermined scan include-angle within the limits based on 
scan enabling-signal 21b supplied from a sweep / scan control section 21. 
An example of the scanning zone of a radar beam is shown in drawing 4 . 
[0022] The include-angle signal generator 29 detects the scanning 
direction of the transceiver antenna 27, and outputs include-angle 
signal 29a which shows the radiation direction based on [ of the 
transceiver antenna 27 ] beams. Include-angle signal 29a is supplied to 
the signal-processing section 3. 

[0023] A sweep / scan control section 2 outputs scan enabling-signal 21b 
which makes the scan of an antenna disapproval until predetermined time 
D passes since the time of changing a frequency from the sweep which the 
frequency of FM signal 3a raises to the downed sweep, and the time of 
changing from the sweep downed in a frequency to the sweep which raises 
a frequency, as shown in drawing 2 (c). The time amount D which makes 
the scan of an antenna disapproval is set up according to the maximum 
detection distance of this radar installation. For example, when the 
maximum detection distance is made into 150 meters, it is set as time 
amount longer than 1 microsecond of time amount until it is reflected by 



the target of 150-meter beyond and a transmission wave returns. Since 
the beat signal with which the period when the beat signal of the 
reflective signal (input signal) of the sweep which a frequency raises, 
and the sending signal of the sweep to which a frequency is downed 
occurs shows the relative distance to a target is not acquired, he is 
trying for the period when the beat signal which shows this relative 
distance is not acquired to stop the scan of an antenna. 
[0024] The antenna mechanical component 28 shown in drawing 1 is 
equipped with a motor, a gear device, etc. Scan enabling-signal 21b 
makes the transceiver antenna 27 rock, while being supplied (condition 
of authorization), the antenna mechanical component 28 stops rocking of 
the transceiver antenna 27, while scan enabling-signal 21b is not 
supplied (condition of disapproval), and it holds the sense of the 
antenna at that time. You may make it rotate an antenna a predetermined 
include angle every in the time amount to which 1 time of a scan 
enabling signal is supplied. 

[0025] In addition, whenever scan enabling-signal 21b is supplied, you 
may make it the antenna mechanical component 28 rotate the sense of an 
antenna a predetermined include angle every, whenever count supply of 
predetermined of the scan enabling-signal 21b is carried out. whenever 
[ for example, / to which scan enabling-signal 21b is supplied twice ] - 
- the sense of an antenna — for example, it becomes detectable [ the 
object by the sweep of both a frequency rise sweep and a frequency down 
sweep ] to the same bearing by making it shift by a unit of 1 time. The 
sweep of both a frequency rise sweep and a frequency down sweep can be 
performed to the same bearing, and it can ask for the relative distance 
to a target, and the relative velocity of a target by measuring the 
frequency of a beat signal for every sweep. 

[0026] Moreover, the period when the beat signal which shows the 
relative distance to a target as compared with the rotation rate (scan 
speed) of an antenna is not acquired is fully short, and when not 
producing the include-angle range where the include-angle range which 
cannot detect a target serves as a blind substantially very narrowly, 
the sweep timing of FM signal 22a may be made to rock an antenna 
independently (scan). 

[0027] The signal-processing section 3 is equipped with the distance 
detecting element 31, the bearing operation part 32, the effective 
reflective cross-section operation part 33, and the target trace section 
34. The signal-processing section 3 may equip with and constitute CPU, 
and ROM and RAM, and may equip with and constitute DSP (digital signal 
processor) . 



[0028] The distance detecting element 31 analyzes the frequency spectrum 
of beat signal 25a, and detects the relative distance from the frequency 
of beat signal 25a to a target (target). The distance detecting element 
31 supplies the information on the detected relative distance to the 
target trace section 34. 

[0029] The bearing operation part 32 considers the scan include angle of 
the antenna with which the signal level (level of a beat signal) of the 
frequency corresponding to the relative distance to the detected target 
became max as whenever [ azimuth / of a target ]. The bearing operation 
part 32 supplies the information on the level of the beat signal at the 
time of determining the information and bearing of bearing of the 
detected target to the target trace section 34. 

[0030] The target trace section 34 matches and memorizes the detected 
time of day, the relative distance to a target, signal level, and 
bearing of a target while attaching a label to the detected target. If 
detection of a target is made by the next beam scan, the target trace 
section 34 will perform collating with the data of the already detected 
target. The target trace section 34 matches and memorizes the time of 
day detected by the label name given previously, the relative distance 
to a target, signal level, and bearing of a target, when it is judged as 
a result of collating that it is the same target. 

[0031] The effective reflective cross-sectional-area operation part 33 
calculates the effective reflective cross-sectional area of a target 
based on the data about the detection target memorized by the target 
trace section 34. The effective reflective cross-sectional-area 
operation part 33 asks for the received power of the reflective signal 
from the target received with the transceiver antenna 27 based on the 
level of the beat signal memorized by the target trace section 34. Each 
data of loss of the input signal in the mixed gain of the mixed section 
25 and a circulator 24 and the loss in the antenna-coupler-control 
section 26 is beforehand registered into the internal memory etc. by the 
effective reflective cross-section operation part 33. Moreover, the 
antenna gain of the transceiver antenna 27 is registered into the 
internal memory etc. by the effective reflective cross-section operation 
part 33. 

[0032] The effective reflective cross-section operation part 33 asks for 
the effective reflective cross section based on the radar equation shown 
in several 1. 
[0033] 

[Equation 1] 



Pr[mW] = 
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[0034] In several 1 received power (unit MIRIWATTO) and Pt Pr 
Transmitted power (unit MIRIWATTO), Antenna gain (unit decibel) and 
lambda G Transmission wave length (unit meter), For the road clearance 
(unit meter) of a transceiver antenna, and ht, the road clearance (unit 
meter) of a target and R are [ theta / the effective reflective cross- 
sectional area (unit decibel and square meter) and h / a propagation 
loss (unit decibel) and L of the distance (unit meter) to a target and 
F ] the losses of circuit (unit decibel). 

[0035] The transmitted power Pt of the FM-CW radar installation 1 is 
fixed. The transmitted power Pt is beforehand registered into the 
effective reflective cross-section operation part 33. The transmission 
wave length lambda is beforehand registered into the effective 
reflective cross-section operation part 33. The road clearance h of a 
transceiver antenna is beforehand registered into the effective 
reflective cross-section operation part 33. When the radome is prepared 
in the transceiver antenna 27, the loss value by the radome is 
beforehand registered as a propagation loss F. As the loss of circuit L, 
the predetermined value is registered beforehand. 

[0036] When 2 sets of data with which detection distance differs about 
the same target in the target trace section 34 are memorized, the 
effective reflective cross-section operation part 33 creates two radar 
equations which substituted the received power in each distance and each 
distance, is solving these two radar equations as simultaneous equations, 
and asks for the effective reflective cross section theta of a target, 
and the road clearance ht of a target. At this time, antenna gain uses 
the gain value based on beams. The effective reflective cross-sectional 
area theta of a target and the road clearance ht of a target which were 
called for attach correspondence with the label of a target to the 
target trace section 34, and are memorized. 

[0037] In addition, the effective reflective cross-section operation 
part 33 does not ask for each of the effective reflective cross section 
theta of a target, and the road clearance ht of a target, but you may 
make it ask for the effective reflective cross section theta, road 
clearance ht, and a product (theta-ht). In this case, 2 sets of data 



with which detection distance differs about the same target are less 
necessary. Moreover, when 2 sets of data with which detection distance 
differs about the same target are not obtained, the effective reflective 
cross-sectional-area operation part 33 assumes the road clearance ht of 
a target to the average road clearance of the number plate of a 
passenger car, and you may make it ask for the effective reflective 
cross-sectional area theta of a target. 

[0038] When it recognizes that the bearing operation part 32 has a radar 
beam in the edge of a scanning zone based on include-angle signal 29a 
supplied from the include-angle signal generator 29 and the reflective 
signal from a target is received with the edge beam, with reference to 
the data of the target memorized by the target trace section 34, it 
judges whether it is the target by which the target received with the 
edge beam is already detected. When the target by which label attachment 
has already been carried out is received with the edge beam, the bearing 
operation part 32 is substituted for the radar equation having shown the 
received power received with the edge beam in several 1 with the 
effective reflective cross-sectional area theta already called for and 
the height ht of a target, and searches for antenna gain. The bearing 
operation part 32 asks for bearing of a target from the antenna gain and ■ 
the antenna gain pattern (refer to drawing 3 ) of an edge beam for which 
it asked. 

[0039] The target trace section 34 outputs data, such as distance and 
bearing of the detected target, and relative velocity of a target, the 
migration direction of a target. 

[0040] When for example, the car in front A exists inside the scanning 
zone shown in drawing 4 , the power (received power) of a reflective 
signal serves as max in the condition that the core of a radar beam is 
emitted towards the car in front A. The bearing operation part 32 
detects the include angle from which the power (received power) of the 
reflective signal from the car in front A became max based on the level 
of beat signal 25a as bearing of the car in front A. 
[0041] The effective reflective cross-section operation part 33 finds 
the effective reflective cross section theta and the height ht of the 
car in front A based on the distance to the car in front A, and the 
power (received power) of a reflective signal. When the location of this 
car in front A becomes the outside of the edge beam of a scanning zone, 
the bearing operation part 32 searches for the antenna gain of an edge 
beam from the effective reflective cross-sectional area theta and height 
ht of the received power in an edge beam, and the car in front A already 
called for. And it asks for bearing of the car in front A from the 



antenna gain characteristics shown in the antenna gain searched for and 
drawing 3 . Therefore, even when the car in front A separates from a few 
on the outside of a scanning zone, bearing of the car in front A can be 
detected. 

[0042] In addition, the level difference of the receiving level which 
calculates the receiving level at the time of catching the car in front 
A at the core of a beam, and was able to be calculated from the distance 
to the car in front A detected by the edge beam at the core of a beam 
based on the receiving level and distance when catching the car in front 
A, and actual receiving level is searched for, and you may make it ask 
for bearing of the car in front A from this level difference and the 
gain characteristics of an antenna pattern. 

[0043] Drawing 5 is the block block diagram of the multi-beam type FM-CW 
radar installation concerning this invention. The multi-beam type FM-CW 
radar installation 11 concerning this invention comes to have the 
transceiver section 12 and the signal-processing section 13. 
[0044] The transceiver section 12 is equipped with a sweep / scan 
control section 41, the FM signal generator 42, a power distribution 
unit 43, the send channel change section 44, the mixed section 45, the 
receiving channel change section 46, the circulators 47a~47i for a 
multiple channel, and the transceiver antennas 48a-48i for a multiple 
channel. 

[0045] Drawing 6 is the explanatory view showing the radiation direction 
of a beam. Each transceiver antennas 48a-48i have the respectively same 
radiation pattern (beam pattern), and he is trying for adjoining 
radiation patterns to overlap partially, as shown in drawing 6 . In 
addition, drawing 6 shows the beam pattern of antenna 48a as Ba, and 
shows the beam pattern of antenna 48i as Bi. 

[0046] A sweep / scan control section 41 generates transmit-frequencies 
assignment voltage signal (modulating signal) 41a from which a voltage 
waveform turns into a triangular wave form the predetermined sweep 
period T, as shown in drawing 2 (a). Transmit-frequencies assignment 
voltage signal 41a is supplied to the FM signal generator 42. 
[0047] The FM signal generator 42 is equipped with the voltage 
controlled oscillator which generates the RF signal of a submillimeter 
wave band or a millimeter wave band. Based on transmit-frequencies 
assignment voltage signal (modulating signal) 41a, the FM signal 
generator 42 generates FM signal 42a from which a frequency changes the 
predetermined sweep period T, as shown in drawing 2 (b). FM signal 42a 
is supplied to a power distribution unit 43. 

[0048] A power distribution unit 43 distributes FM signal 42a to 



sending-signal 43a and local oscillation signal 43b. Sending-signal 43a 
is supplied to the send channel change section 44. Local oscillation 
signal 43b is supplied to the mixed section 45. 

[0049] A sweep / scan control section 41 specifies a send channel by 
supplying send channel assignment signal 41T to the send channel change 
section 44. Antenna (transceiver antenna) 48n of the send channel 
specified through circulator 47n (n=a-i) of the send channel as which 
sending-signal 43a distributed with the power distribution unit 43 was 
specified by this is supplied, and a radar beam is emitted. A sweep / 
scan control section 41 specifies a receiving channel by supplying 
receiving channel finger Sadanobu number 41R to the receiving channel 
change section 46. It dissociates by circulator 47n of the channel as 
which the signal received by antenna 48n of the specified receiving 
channel by this was specified, and the mixed section 45 is supplied 
through the receiving channel change section 46. 

[0050] A sweep / scan control section 41 scans the beam direction of 
antenna 48a by specifying the same antenna transceiver mode (mono-static 
antenna mode) which transmits by antenna 48a and is received with the 
same antenna. "Next, the middle direction of the beam direction of 
antenna 48a and the beam direction of antenna 48b is scanned by 
specifying the bistatic antenna mode received by antenna 48b which 
transmits and adjoins by antenna 48a. Next, the beam direction of 
antenna 48b is scanned by specifying the mode which transmits and 
receives by antenna 48b. Next, a beam direction is sequentially scanned 
by repeating successively specifying the mode received by antenna 48c 
which transmits and adjoins by antenna 48b. 

[0051] The mixed section 45 mixes input-signal 46a and local oscillation 
signal 43b which are supplied from the receiving channel change section 
46, and outputs the signal of the frequency of the difference of the 
frequency of input-signal 46a, and the frequency of local oscillation 
signal 43b as beat signal 45a. Beat signal 45a which is the output of 
the mixed section 45 is supplied to the signal-processing section 13. 
Send channel assignment signal 41T and receiving channel finger Sadanobu 
number 41R is also supplied to the signal-processing section 13. 
[0052] The signal-processing section 13 is equipped with the distance 
detecting element 51, the bearing operation part 52, the effective 
reflective cross-section operation part 53, and the target trace section 
54. 

[0053] The distance detecting element 51 analyzes the frequency spectrum 
of beat signal 45a, and detects the relative distance from the frequency 
of a beat signal to a target (target). The distance detecting element 51 



supplies the information on the detected relative distance to the target 
trace section 54. 

[0054] The bearing operation part 52 recognizes the scanning direction 
of a radar beam based on send channel assignment signal 41T and 
receiving channel finger Sadanobu number 41R supplied from the 
transceiver section 12 side. The bearing operation part 52 stores 
temporarily the scanning direction (scan include angle) of the 
recognized radar beam, and the signal level of the frequency 
corresponding to the relative distance to the detected target. When the 
target is detected in two or more adjoining scanning directions (scan 
include angle), the bearing operation part 52 is carrying out weighting 
equalization processing of the level (signal level of the frequency 
corresponding to the distance to a target) of the beat signal in each 
scanning direction (scan include angle), and asks for bearing of the 
target which produced the reflected wave. 

[0055] The bearing operation part 52 by the case where the reflective 
signal from a target is detected by the beam Ba of the both ends shown 
in drawing 6 , or beam Bb-Bh other than Bi When the reflective signal is 
detected only with one beam of them, in a row When the level detected 
with the beam of the neighbors to the level detected with one beam of 
them is very low level It is judged as that to which the core of a beam 
of having detected the reflective signal on high level is irradiating 
the target, and the receiving level at that time is supplied to the 
target trace section 54, and is made to memorize. 

[0056] The target trace section 54 matches and memorizes the detected 
time of day, the relative distance to a target, signal level, and 
bearing of a target while attaching a label to the detected target. If 
detection of a target is made by the next beam scan, the target trace 
section 54 will perform collating with the data of the already detected 
target. The target trace section 54 matches and memorizes the time of 
day detected by the label name given previously, the relative distance 
to a target, signal level, and bearing of a target, when it is judged as 
the same target as a result of collating. 

[0057] The effective reflective cross-sectional-area operation part 53 
calculates the effective reflective cross-sectional area of a target 
based on the data about the detection target memorized by the target 
trace section 54. The effective reflective cross-sectional-area 
operation part 53 asks for the received power of the reflective signal 
from the target received by transceiver antenna 48n based on the level 
of the beat signal memorized by the target trace section 54. Each data 
of loss of the input signal in mixed gain [ of the mixed section 45 ] 



and circulator 47n and the loss in the receiving channel change section 
46 is beforehand registered into the effective reflective cross-section 
operation part 53. Moreover, transceiver antenna 48n antenna gain is 
registered into the effective reflective cross-section operation part 33. 
[0058] The effective reflective cross-section operation part 53 asks for 
the effective reflective cross section based on the radar equation shown 
in several 1. In addition, the transmitted power Pt of the FM-CW radar 
installation 11 is fixed, and the transmitted power Pt is beforehand 
registered into the effective reflective cross-section operation part 53. 
The road clearance h of the transmission wave length lambda and a 
transceiver antenna is beforehand registered into the effective 
reflective cross-section operation part 33. When the radome is prepared 
in the transceiver antenna 27, the loss value by the radome is 
beforehand registered as a propagation loss F. As the loss of circuit L, 
the predetermined value is registered beforehand. 

[0059] When 2 sets of data with which detection distance differs about 
the same target in the target trace section 54 are memorized, the 
effective reflective cross-section operation part 53 creates two radar 
equations which substituted the received power in each distance and each 
distance, is solving these two radar equations as simultaneous equations, 
and asks for the effective reflective cross section theta of a target, 
and the road clearance ht of a target. The effective reflective cross- 
sectional area theta of a target and the road clearance ht of a target 
which were called for attach correspondence with the label of a target 
to the target trace section 54, and are memorized. 
[0060] In addition, the effective reflective cross-section operation 
part 53 does not ask for each of the effective reflective cross section 
theta of a target, and the road clearance ht of a target, but you may 
make it ask for the effective reflective cross section theta, road 
clearance ht, and a product (theta-ht). In this case, 2 sets of data 
with which detection distance differs about the same target are less 
necessary. Moreover, when 2 sets of data with which detection distance 
differs about the same target are not obtained, the effective reflective 
cross-sectional-area operation part 53 assumes the road clearance ht of 
a target to the average road clearance of the number plate of a 
passenger car, and you may make it ask for the effective reflective 
cross-sectional area theta of a target. 

[0061] When there are no data in the condition that the core of a beam 
was irradiated by the target, the effective reflective cross-sectional- 
area operation part 53 searches for the antenna gain in the include 
angle which is equivalent to bearing of a target in the beam from which 



the highest receiving level is obtained, and you may make it ask for the 
effective reflective cross-sectional area theta of a target using the 
antenna gain searched for based on bearing of the target searched for by 
weighting equalization processing. 

[0062] The bearing operation part 52 recognizes that a radar beam is an 
edge beam (Ba or Bi) shown in drawing 6 based on send channel assignment 
signal 41T and receiving channel finger Sadanobu number 41R. And when 
the reflective signal from a target is received with the edge beam, with 
reference to the data of the target memorized by the target trace 
section 54, it judges whether it is the target by which the target 
received with the edge beam is already detected. When the target by 
which label attachment has already been carried out is received with the 
edge beam, the bearing operation part 52 is substituted for the radar 
equation having shown the received power received with the edge beam in 
several 1 with the effective reflective cross-sectional area theta 
already called for and the height ht of a target, and searches for 
antenna gain. And the bearing operation part 52 asks for bearing of a 
target from the antenna gain and the antenna gain pattern of an edge 
beam for which it asked. 

[0063] The target trace section 34 outputs data, such as distance and 
bearing of the detected target, and relative velocity of a target, the 
migration direction of a target. 

[0064] In addition, the radar installation concerning this invention is 
applicable also to a pulse type radar, a pulse type radar — a case — a 
distance detecting element — a sending signal and an input signal — 
the distance to a target is found based on time difference. Moreover, 
the radar installation concerning this invention is applicable also to 
the radar using light other than an electric wave etc. 
[0065] Furthermore, when the effective reflector product theta of the 
target used as the candidate for detection is already called for in the 
radar installation concerning this invention Search for the antenna gain 
of the direction which points to the target from the receiving level of 
the reflective signal from the target, and the relative distance to the 
detected target, and since it can ask for bearing of a target from the 
antenna gain searched for Even if it does not prepare so that the beams 
which adjoin many beams may overlap as shown in drawing 6 , it can ask 
for bearing of the target located between beams by fewer beam 
arrangement of Beams Ba, Be, Be, Bg, and Bi etc. with a sufficient 
precision, for example. 

[0066] The signal-processing section 3 of drawing 1 may equip with and 
constitute a sweep / scan control section 21. The signal-processing 



section 13 of drawing 5 may equip with and constitute a sweep / scan 
control section 41. Moreover, the above-mentioned operation gestalt is 
an example of this invention, and this invention is not limited to the 
above-mentioned operation gestalt. 
[0067] 

[Effect of the Invention] The radar installation applied to this 
invention as explained above When the target asked for the effective 
reflective cross-sectional area is located in the edge of a radar beam 
Since it had the bearing operation part which asks for bearing of a 
target based on the include-angle-gain property of the radar beam 
concerned, the relative distance to a target, and received signal level 
(for example, beat signal level) which were registered beforehand Even 
if it is the case where a target exists outside for a while rather than 
the scanning zone of a radar beam If the effective reflective cross- 
sectional area of the target is known, bearing of a target can be 
pinpointed from the antenna gain which searched for antenna gain and was 
searched for from the received signal level, and the include-angle-gain 
property of a radar beam registered beforehand. Therefore, even if it is 
the limited scanning zone, the range larger than the scanning zone can 
be covered, and bearing of a target can be detected. 
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[Brief Description of the Drawings] 

[Drawing 1] The simple block block diagram of the radar beam scan type 

FM-CW radar installation concerning this invention 

[Drawing 2] The wave form chart of a transmit-frequencies assignment 

voltage signal, FM signal, and a scan enabling signal 

[Drawing 3] The graph which shows the antenna gain (directivity) of a 





transceiver antenna 

[Drawing 4] The simple explanatory view showing an example of the 
scanning zone of a radar beam 

[Drawing 5] The simple block block diagram of the multi-beam type FM-CW 
radar installation concerning this invention 

[Drawing 6] The simple explanatory view showing the radiation direction 
of the beam of the multi-beam type FM-CW radar installation shown in 
drawing 5 

[Description of Notations] 

1 11 [ — 31 A transceiver antenna, 51 / — 32 A distance detecting 
element, 52 / — 33 Bearing operation part, 53 / — 34 Effective 
reflective cross-section operation part, 54 / — Target trace section. ] 
— 2 A radar installation, 12 — 3 The transceiver section, 13 — The 
signal-processing section, 27, 48a-48i 
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[Drawing 2] 
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